Abstract
INTRODUCTION

General
Rainfall is an end product of a number of complex atmospheric processes, and it forms the input to all the hydrological studies. Rainfall patterns usually have temporal and spatial variability. This temporal and spatial variability of rainfall is due to seasonal atmospheric phenomenon and geographical (topographical) factors respectively.
In this direction, an attempt has been made to study the spatial and temporal behavior of rainfall in the Belgaum districts of Karnataka state. This has been achieved by considering historical data of 40 rain gauge stations which are situated in this region.
World Meteorological Organization (2000) has recommended a number of statistical techniques for climatological analysis. Using some of these methods, rainfall in the Belgaum district has been analyzed to study presence of any trend in the rainfall series.
Rainfall forms the input of all hydrological studies. Apart from the quantum of rainfall, its time distribution plays a critical role in the planning and management of water resources. Peak rainfall data are used in designing storm water management systems and in determining the flooding potential of various storm events. Daily or hourly data are required in continuous hydrologic simulation procedures. Monthly and seasonal data are used in determining supplementary irrigation water requirements, and in engineering studies related to storage analyses, water supply, and reservoir management.
The variability in rainfall may affect the agricultural production, water supply, transportation, the entire economy of a region, and the existence of its people. In regions where the year-to-year variability is high, people often suffer great calamities due to floods or droughts. The damage due to extremes of rainfall cannot be avoided completely, a forewarning could certainly be useful and it"s possible from analysis of rainfall data.
Importance of Analysis of Rainfall
Agricultural Planning
Agricultural production is controlled by monsoon rainfall, which is the primary source for soil moisture for dry land crops. In Agricultural Planning, rainfall variability analysis aids to take farm decisions on times of sowing, inter culture operations, fertilizers application etc.
The economy of the country depends upon the agricultural production. Since Variation of the yields of most of the major crops to a large extent is due to the variations of the rainfall amounts and of their distribution in time, studies of rainfall variability are of great importance.
In Design of Storage Structures
Statistical and probability analysis of rainfall occurrences is usually carried out for planning and design of water conservation and recharge structures.
Though rainfall pattern is erratic and varies temporally and spatially, it is predictable with reasonable amount of certainity for certain return periods that helps to design water conservation/recharge structures in particular area.
Frequency analysis of rainfall is necessary and useful tool for solving various water management problems like planning and designing of structures for water conservation and recharge purpose.
Study the Trends in Rainfall Series
Water resources systems are designed and operated on assumption of stationary hydrology. Existence of trends and other changes in the data invalidates this assumption, and detection of the changes in hydrological time series should help us revise the approaches used in assessing, designing and operating our systems. Also the trend and step change studies help us understand the impact of man"s activities (e.g. Urbanization, deforestation, dam construction, agricultural activities, etc.) on the hydrological cycle.
Planning and Management of the Regional
Water Resources
For proper planning and management of water resources in a basin there is a need to constantly update the knowledge of temporal variability of rainfall in the basin.
Implications for Cropping
Some crops vary in plant water requirements (drought tolerance) and growing season (time of sowing and maturity duration). Better choices on which crop should be grown can be made with rainfall probability information. Information on rainfall probability is also important to make the choice to not grow a crop at all, due to potential seasonal conditions which would produce crop failure.
Study the Occurrences of Droughts and Floods
Frequency analysis of Rainfall can help to predict the occurrences of drought or floods with certain return period.
Structural Characteristics of Annual Rainfall
Rainfall records in a geographical region show a complex structure. Basic statistical information such as average, standard deviation, skewness, correlation structure, median value, and range can be computed in a simple way from the rainfall records.
Additionally, structural characteristics of the time series can be derived. These characteristics include consistency, independence, randomness, and homogeneity as well as the presence of trends and jumps.
Structural characteristics of hydro-meteorological variables (Rainfall) are important in modeling studies. For instance, if an autoregressive (AR) type model is to be applied to the observed time series of the variable, then the removal of any trend is required before applying the model. AR-type models, and many others, require the data to obey a predefined probability distribution function, such as a normal distribution.
Information on the structural characteristics of precipitation data can also identify a climate change or variability signal. Such information can be exported from the trend analysis and/or jump analysis of the precipitation record.
Temporal Variations of Rainfall
Point precipitation records exhibit great variation from hour to hour, week to week and even from year to year. Therefore, in practice for hydrological purposes the analysis of rainfall data is often based on the statistical properties of observed rainfall time series. This variation in rainfall records mainly incorporates three time series components: stochastic, periodic and secular. Stochastic variations result from the probabilistic or random nature of precipitation occurrence, and may be so great that they effectively dominate the time series. Periodic or cyclic variations are related, for example, to astronomical cycles such as the diurnal and annual cycles. Finally, secular or long-term variations, which are often referred to as climatic change, may incorporate both cyclic or trend characteristics.
The reason for the great variability in rainfall can be seen in if one looks at the frequency distribution of rainfall, since it is apparent that a small proportion of storms or rain days in the course of a year may provide a disproportionate amount of the total rainfall. The presence or absence of only a small number of storms may therefore have a considerable effect upon the total precipitation. The variability of annual rainfall is greater for areas with low annual precipitation, where rain may fall only occasionally, than for, say, equatorial regions where rain may fall on nearly every day. In addition to rainfall amounts, the time intervals between storms are of great interest to the hydrologist, especially in the drier parts of the world. The periodic variations are regular cyclic variations with rainfall minima and maxima recurring after approximately equal time intervals.. The annual cycle is the most obvious weather cycle and results from the regular seasonal shifts in the zones of atmospheric circulation in response to the changes in the heating patterns. There is ample evidence that climate has changed in the past and no reason to suppose that it will not change in the future. The question of whether such secular, or long-term, changes in climate are cyclic in pattern remains a controversial topic in hydrology.
LITERATURE REVIEW
General
Literature referred during the preparation of this thesis is mainly regarding the statistical methods available for rainfall analysis; it mainly includes the trend tests like Spearman rho test and Mann Kendall test. The research papers also included the statistical tests and Rainfall probability analysis.
Review of Literature Vance, et al (2004).
In their study, the analysis was done to determine the annual and monthly rainfall in Cambodia, the aim was to aid farmers when making choices as to which crops to grow apart from rice. Daily records of rainfall data in the three provinces of Battambarg, Kampong Cham and Takeo were analyzed to:  Calculate the monthly rainfall totals,  Determine the variability in annual rainfall,  Determine if the total rainfall in the month of March or April might give an indication of the potential rainfall for the remaining season, and determine if the drought periods in the June and July are consistent in each year, and if they may be predicted,  Predict for Battambarg the break of season for field crops.
Jayawardene H.K. et al., (2005) In their study, an analysis was carried out to extract the trends of rainfall depth in Sri Lanka over the last century. The work discussed in this paper focuses of extracting the trends and seasonal patterns of rainfall on a set of selected weather stations by utilizing statistical techniques. The work was carried out with monthly and annual rainfall data recorded on 15 stations within a time span of 98 to 130 years. Emphasis is given to find out whether there is any significant change in the rainfall time series records over the years.
Among the statistical tests available to detect trend in a time series, the Mann Kendall rank statistic, the Spearman rank statistic and the least-square regression were chosen for their work. The results obtained from the tests were discussed.
Wing H Cheung et al., (2008)
studied and investigated the temporal dynamics of rainfall and its spatial distribution within Ethiopia. Changes in rainfall were examined using data from 134 stations in 13 watersheds between 1960 and 2002. The variability and trends in seasonal and annual rainfall were analyzed at the watershed scale. Similar analyses were also performed at the gauge, regional, and national levels. The gauge level analysis showed that certain gauge stations experienced recent changes in rainfall; these trends are not necessarily reflected at the watershed or regional levels.
From the review of literature it is evident that several studies have been undertaken to characterize trends in rainfall time series at various locations across the globe. These studies have adopted several statistical techniques to quantify increasing or decreasing trends in annual rainfall. Most commonly adopted trend detection techniques were Mann Kendall, Spearman rho test and linear regression test. However, few studies seem to have been undertaken to understand rainfall trends and variability with regard to Asian monsoon phenomenon. Studies on trend analysis in this region are crucial for sustainable water resources development and utilization.
Also it is evident that less work has been carried out on variability of rainfall and probability analysis of rainfall. Therefore, the present study seeks to study the temporal variability of rainfall and employ popular statistical techniques to characterize trends in annual rainfall series of Belgaum district, Karnataka.
DESCRIPTION OF STUDY AREA
Belgaum is among the 30 districts of Karnataka, situated in the Northwest part of the state. The district is bordered by Maharashtra state to the North, Bagalkot district in the East, Dharwad and Uttar Kannada districts in the South, Goa and Maharashtra state in the west. There are ten taluks in the district namely Athani, Bailhongal, Belgaum, Chikkodi, Hukkeri, Khanapur, Raibag, Ramdurg and Saundatti.
The district of Belgaum geographically comes in Malnad region and receives an average annual rainfall of nearly 2000 mm. Agro-climatologically the district can be divided into three zones i.e. high rainfall "Hilly zone", "Northern transitional zone" and "Northern dry zone".
The district lies between 15°00" and 17°00" north latitudes and between 74°00 and 75°30" east longitudes. It is situated near the foothills of the Sahyadri mountain range (Western Ghats) and about 100km from the Arabian Sea. The population was about 42 lakhs at the last census and the area of the district is about 13,415 km 2 . Of the total geographical area, 1927 km 2 is under forest ,and 6273 km 2 is nearly about 50% of the geographical area is normally under crops.
The Belgaum district is Semi-arid in parts of Athani, Raibag, Gokak, Bailhongal, Ramdurg and Saudatti taluks. Climate in rest of the district ranges from sub-humid to humid towards west.
Nearly 95 percent of the annual rainfall is received during the period April to October, because of the South-west monsoon. Most of the remaining rainfall is received during November and December under the influence of Northeast monsoon. The district has two major river systems Ghataprabha and Malaprabha which are tributaries of river Krishna. The other rivers Hiranyakesi and Markandeya are tributaries to Ghataprabha. There are two dams, on Ghataprabha at Hidkal and on Malaprabha at Naviluteerth.
RAINFALL STATISTICS FOR THE BELGAUM DISTRICT:
The annual series of the rainfall for all stations considered for the analysis are plotted. From the figures the variation of annual rainfall over the years for the data period can be easily seen. Some of the rainfall statistics of Belgaum district is shown below It is observed that the maximum variation in the annual rainfall occurs at station Bugate alur with a coefficient of variation of 47% and minimum at the station hidkal dam with a coefficient of variation is around 18%. The average coefficient of variation is around 30% indicating the rainfall varies reasonably from one year to the next.
BASIC STATISTICAL PARAMETERS OF INDIVIDUAL RAIN GAUGE STATION
Most of the stations have kurtosis coefficient negative indicating that a distribution is more flat than the normal distribution. Only one station kudachi has a kurtosis coefficient greater than 5 indicating that low rainfall values are observed more often than high rainfall values.
The skewness coefficient for most of the stations are positive indicating that the low rainfall happens frequently whereas the high value rainfall happens rarely. For some of the stations the skewness coefficient is equal to or nearly equal to zero indicating the data follows a normal distribution. 
METHODOLOGIES USED
6.1Structural Characteristics of Rainfall
OBJECTIVES OF PRESENT STUDY
Thus the objectives of the present study are: 1. To apply statistical techniques to historical data and characterize rainfall occurrence in Belgaum district. 2. To carry out trend analysis of historical rainfall time series. 3. To study variability of annual rainfall in Belgaum district. 4. To obtain the rainfall probability charts for various rain gauge stations.
CONCLUSIONS
The work discussed in this paper focuses of extracting the trends and seasonal patterns of rainfall on a set of selected weather stations by utilizing statistical techniques. The work was carried out with annual rainfall data recorded on 42 stations. Emphasis is given to find out whether there is any significant change in the rainfall time series records over the years.
Most of the stations have kurtosis coefficient negative indicating that a distribution is more flat than the normal distribution. The skewness coefficient for most of the stations are positive indicating that the low rainfall happens frequently whereas the high value rainfall happens rarely
